Superstrong static electric fields could deform Coulomb barriers between α clusters and daughter nuclei, and bring up the possibility of speeding up α decays. We adopt a simplified model for the spherical α emitter 212 Po and study its responses to superstrong static electric fields. We find that, superstrong electric fields with field strengths |E| ∼ 0.1 MV/fm could turn the angular distribution of α emissions from isotropic to strongly anisotropic, and speed up α decays by more than one order of magnitude. We also study the influences of superstrong electric fields along the Po isotope chains, and discuss the implications of our studies on α decays in superstrong monochromatic laser fields. The study here might be helpful for future theoretical studies of α decay in realistic superstrong laser fields.
α decay occupies an important position in nuclear physics. Its explanation in terms of quantum tunneling by Gamow, Condon, and Gurney was one of the first applications of quantum mechanics in nuclear physics [1, 2] . After that, many attempts have been made to give accurate descriptions of α decays from both phenomenological and microscopic viewpoints. See, e.g., Refs. [3, 4] and references therein. New strong laser sources in the future may create new opportunities for α-decay studies [5, 6] . One of the most important open questions is whether strong lasers can be used to speed up α decays, which, if feasible, would bring up new possibility for decontaminating α-radioactive transuranium nuclear wastes [7] [8] [9] [10] [11] [12] [13] [14] . In this work, instead of handling directly monochromatic or more realistic tightly-focused laser fields, we pursuit first the possibility of changing α-decay half-lives by using superstrong static electric fields. Static electric fields correspond to the low-frequency limit of monochromatic laser fields in the dipole approximation (see, e.g., Ref. [20, 21] ).
Thanks to its intrinsic theoretical simplicity, the study of α decays in static electric fields can be used as a benchmark for understanding α decays in the presence of monochromatic laser fields with finite frequencies and tightly focused laser fields, providing us with valuable opportunities to establish correct physical pictures and gain useful physical intuitions.
In this article, we adopt the simplified model proposed in Ref. [15] to capture the main features of α decays from even-even α emitters. The α-core potential is given by V (r) = 1 2 µ α Ω 2 (r − r 0 ) 2 + V 0 , r ≤ r B ,
corresponding to join the shifted harmonic oscillator potential to the Coulomb potential at r = r B . r is the α-core relative distance.
is the two-body reduced mass. Z c and Z d are the charges of the α cluster and the core nucleus, respectively.
is the core radius. r B is taken to be the touching radius r B = 1.2(A 
from which we obtain the following relation
V frag (r) = Z c Z d e 2 /r − Q α is the so-called fragmentation potential. The simplified model
given by Eq. (1) simulates the Pauli principle by the hard core provided by the left wing of the shifted harmonic oscillator well, and allows us to reproduce the important fact that the preformation amplitude of the α cluster has an approximate Gaussian profile centered on the surface of the core nucleus [16] [17] [18] [19] . Moreover, it is shown in Ref. [15] that the simplified model of Eq.
(1) could give a simple explanation of the Viola-Seaborg rule for α-decay half-lives [22] .
When turning on external superstrong static electric fields, the Hamiltonian in the centerof-mass (CM) frame is given by
which is analogous to the Stark Hamiltonian in atomic physics. Q α is the new emission energy for α decays in superstrong static electric fields and can be estimated within, e.g., the framework of the two-potential method [23, 24] . The interactions between nuclei and electric fields are depicted in the so-called length gauge. The electric field E is treated as classical. In this article, we consider electric fields that are strong enough to cause sizable effects in α decays, but not too strong to even diminish Coulomb barriers and thus drastically change the picture of quantum tunneling, or cause relativistic effects, i.e., we
, with E ob and E rel being the overbarrier and relativistic thresholds.
is the effective charge of the α cluster in the CM frame [9] . The appearance of the effective charge Z eff could be understood intuitively as follows. In the laboratory frame, the accelerations of the α cluster and the core nucleus induced by the electric field are given by a c,L = eZ c E/M c and
When transformed into the CM frame, the acceleration of the α cluster is given instead by a c,CM = eZ eff E/M c , which could be interpreted as that the α cluster has an effective charge Z eff rather than the bare charge Z c in the CM frame.
In nuclear physics, the differences between effective and bare charges of α clusters are, in general, not tiny. This should be contradicted with atomic physics, where, thanks to the huge mass hierarchy between electrons and nuclei (M c M d ), the differences between the effective and bare charges of electrons turn out to be so tiny that they could often be ignored safely.
The α-decay width is generally parametrized by [3] 
with S α being the spectroscopic factor, γ 2 α being the reduced decay width, and P α being the barrier penetrability. Superstrong static electric fields, when presented, could impact α decays in the following ways at least:
1. Superstrong static electric fields could deform the potential barrier V (r) through the additional interaction term −eZ eff E · r. Consequently, the spectroscopic factor S α , the reduced width γ 2 α , and the barrier penetrability P α could all be changed.
2. The presence of superstrong static electric fields introduces a preferred direction, i.e., the direction parallel to the electric field strength E, into the problem. Therefore, anisotropic effects take place.
3. Superstrong static electric fields also change the subsequent motion of the emitted α particle, accelerating it continuously if the superstrong static electric fields extend infinitely in the space. This byproduct effect on emitted α particles could also be generalized to monochromatic and tightly focused laser fields. For example, monochromatic laser fields drive the emitted α particle back and forth, and may make it even recollide against the core nucleus [8] .
Of course, superstrong static electric fields might also generate copious numbers of electronpositron pairs due to the QED effects in the vaccuum, as well as induce other changes to the inner structures of target nuclei. The impacts of these effects on α decays have been hardly investigated in literature yet and lie beyond the scope of the current work. Therefore, we ignore them for simplicity in the following.
In this article, we shall concentrate on influences of static electric fields on the barrier penetrability P α , and leave influences on the spectroscopic factor S α and the reduced width γ 2 α to future works. It is well-known from the quantum mechanical perturbation theory that, in the Stark effect the first-order correction (proportional to eZ eff |E|) to Q α vanishes if the target system has an inversion symmetry [25] . By dimensional analysis, the second-order correction to Q α is estimated to be ∆Q
. As a result, we have approximately
. The total barrier penetrability P α can be expressed in the semi-classical approximation by
with P α (Θ) as the differential barrier penetrability, and r 2 (Θ) and r 3 (Θ) as the internal and external turning points,
It is important to note that, for
, the angle Θ can only take values between 0 and Θ E = arccos −
. In other words, superstrong static electric fields may forbid α emissions in directions with Θ > Θ E . This is a drastic manifestation of the anisotropic effects induced by superstrong static electric fields.
Let's take the spherical α emitter 212 Po ( 208 Pb+α) as an example to see explicitly the effects of superstrong static electric fields. The effective charge is given by Z eff = 0.4151, clearly different from the bare charge of α cluster Z c = 2. Various aforementioned characteristic field strengths are given by E ob = 3.84 MV/fm, E rel = 278.34 MV/fm, E ∆Q = 2.88 MV/fm, and E Θ = 0.17 MV/fm for the 212 Po system. In this article, we shall mainly concentrate on superstrong static electric fields ranging from 0 to 0.5 MV/fm, satisfying the requirements |E| Min {E ob , E rel , E ∆Q }. Therefore, the α-decay process could still be described by the quantum-tunneling picture of non-relativistic quantum mechanics with the emission energy being approximately unchanged. α decays with electric fields stronger than the threshold strengths are generally much more complicated, and lie beyond our present scope. The potentials V (r) modified by superstrong static electric fields with different field strengths are plotted in Fig. 1 and 2 , with the α-emission direction being parallel and antiparallel to the electric field. Also, we plot a horizontal dashed line representing Q α = 8.954
MeV, the emission energy of 212 Po. It is important to article that, as shown in Fig. 2 , the external turning point r 3 (Θ = π) disappears for |E| > E Θ = 0.17 MV/fm. In Fig. 3 , we plot the differential barrier penetrability P α (Θ) normalized by its maximal value at Θ = 0 versus the angle Θ between the α-emission direction r and the static electric field E. We have several observations. First, angular distributions of α decays from spherical α emitters become anisotropic in superstrong static electric fields. The anisotropy increases strongly from a factor of about six orders of magnitude at E = 0.1 MV/fm to more than sixteen orders of magnitude at E = 0.5 MV/fm, with α emissions practically focused in the direction parallel to the electric field, i.e., r E. Second, for superstrong static electric field strengths with |E| > E Θ = 0.17 MV/fm, not all the Θ values are available for α emissions. This is revealed in Fig. 3 by the termination of theP α (Θ) curves before Θ reaches π.
Explicitly, we have Θ E = 3.14, 3.14, 2.59, 2.17, 2.01, 1.92 rad for |E| = 0, 0.1, 0.2, 0.3, 0.4, 0.5 MV/fm, respectively. It might be sensible to imagine that Θ E → π/2 when |E| becomes sufficiently large, as inspired by the definition of Θ E .
We then study how the total penetrability P α changes with the electric field strength |E|. In Fig. 4 , the electric field strength |E| is chosen to range from 0 to 0.5 MV/fm. It is straightforward to see that superstrong static electric fields could enhance greatly the total Last but not least, we would like to comment briefly on the implications of our present study on α decays in monochromatic laser fields. In this article, we mainly discuss α decays in superstrong static electric fields. Similar to laser-atom physics, our results could also be applied to monochromatic laser fields in the dipole approximation, which are closer to realistic laser fields generated by modern laser facilities, as long as the so-called adiabatic condition is obeyed [20, 21] . We introduce U p = e 2 Z 2 c E 2 4µαω 2 , which is the pondermotive energy of an α particle in a monochromatic laser field with the laser frequency being ω and the electric-field amplitude being E. The adiabatic condition could then be formulated as
with V frag (r B ) being the "ionization energy" for α decays. Roughly speaking, this condition expresses the requirement that the laser field remains essentially static while the α cluster undergoes the tunneling process. In other words, the α decay is treated as adiabatic if the time taken by the α particle to tunnel is shorter than the time during which the laser field changes significantly. In laser-atom physics, γ K is also known as the Keldysh parameter [27] .
For 212 Po, the adiabatic condition gives that ω 0.943 E MeV, which could be satisfied easily by most optical and X-ray laser sources with the electric field amplitude E ∼ 0.1 MV/fm. Therefore, for α decays in superstrong optical and X-ray laser fields, the average barrier penetrability could be obtained approximately by [20, 21] 
Here, we take the laser electric field to be E(t) = E sin(ωt) = E sin( ωτ ). The reduced time τ = t/ is introduced for convenience. Fig. 7 plots the time-dependent barrier penetrability P α (τ ) versus the reduced time τ for the α emitter 212 Po. The electric field amplitude is taken to be E = 0.1 MV/fm, and the photon energy of the laser field is taken to be ω = 1 eV, corresponding to optical laser fields. Then, according to Eq. (13), the average barrier penetrability turns out to be P α,av = 7.433 × 10 −15 . Fig. 8 is almost the same as Fig. 7 , except that the laser photon energy is chosen to be ω = 100 eV, corresponding to X-ray laser fields. The average barrier penetrability remains the same in both cases, revealing its weak dependence on the laser frequency in the low-frequency region.
In this article, we study α decays in superstrong static electric fields. The spherical α emitter 212 Po is taken as an explicit example. It is found that superstrong electric fields with field strength as large as 0.1 MV/fm could deform significantly the potential between the α cluster and the core nucleus, making the angular distribution of the α emission become strongly anisotropic and speeding up α decays. The critical electric field strength that marks the wild growth of α-decay widths is found to be E cr ∼ 0.05 MV/fm for 212 Po. We then study the effects of superstrong electric fields on the even-even Po isotope chain, and find that the bumps corresponding to deviations from the idealized GN law start to inflate when the electric field strength increases gradually. Last but not least, we also study the implications of our results on α decays in superstrong monochromatic lasers. In this work, we concentrate mainly on the impacts of superstrong electric fields on the barrier penetrability.
• It is also important to study the behaviors of the spectroscopic factor and reduced width in superstrong electric fields in future works, which, if available, would allow a more accurate understanding of the present topic. Producing superstrong laser fields with the electric field strength as large as, say., 0.05 − 0.1 MV/fm is, of course, not an easy task [28] [29] [30] [31] [32] . One possible technical routes might be based on the idea of laser-nucleus collision [33] , where the target nucleus is accelerated to the ultra-relativistic speed, and collides against strong laser beams. Then, special relativity demands that, the electric field strength in the nucleus rest frame could be magnified correspondingly compared with that in the laboratory frame. According to our studies, electric fields with such strength might be able to modify α decays significantly. The study here might be helpful for future theoretical studies on α decay in realistic superstrong laser fields. [1] G. Gamow, Z. Phys. 51, 204 (1928).
[2] R. Gurney, and E. Condon, Nature (London) 122, 439 (1928). Fig. 7 , except that the photon energy is taken to be ω = 100 eV.
The average barrier penetrability is then found to be P α,av = 7.433 × 10 −15 as well.
